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00 (54) Title: FIRE RESISTANT FOAM AND FOAM PRODUCTS, METHOD AND DISPERSIONS FOR MAKING SAME 
fS 

^ (57) Abstract: A synthetic polymer foam is produced which incoiporates fine particles of expandable graphite which surprisingly 
2 impart excellent fire resistant properties to the foam, particularly to foam made with a non-halogenated hydrocaibon as the primary 
blowing agent For best results, the foam is produced through mixing the constituent materials, including the expandable graphite 
O using a screw extn«ter. The foam can also be produced by creating a graphite/polyol or giaphite^socyanate dispersion in an extruder 
then mixing the remaining ccmiponents in a conventional batch mixing or high pressure spraying process. Alternatively, conventional 
mixing can be used for the entire process, but use of a screw extruder in whole or in part is preferred. 



wo 01/72863 



PCT/DSOl/09626 



[0001] FIRE RESISTANT FOAM AND FOAM PRODUCTS, 
METHOD AND DISPERSIONS FOR MAKING SAME 



[0002] This application claims priority fixjm U.S. Provisional Application No. 
60/192^31, ffled March 27, 2000. 

[0003] The present invention relates to foam and foam products having excellent 
fire resistance achieved through flie use of expandable graphite. In particular, the foam 
is preferably made using small particles of expandable gr^hite and a non-halogenated 
hydrocarbon as a primary blowing agent in an extrusion process. In preferred 
embodiments, rigid polyisocyanurate foam is made witii expandable graphite particles 
having an avera^ particle size less than 200 microns which exhibits self extinguishing 
properties and good insulation qualities. 

[0004] BACKGROUND 

[0005] Foams and processes far flieir production are well known in tiie art. Such 
foams are typically produced by reacting ingredients such as a polyisocyanate with an 
isocyanate reactive material such as a polyol in the presence of a blowing agent 
[0006] Synthetic foams have naany uses and are produced in many forms. Rigid 
foam insulation panels are used in the constinction of buildings. Foam bun stock is used 
for freezer insulation. Flexible foam is used in the manufecture of automobiles and 
f)Qjijtii^ ciionofi fnam nrnHiitrts Mmiised forbmldinB &cades and omameotal effects for 



both interior and exterior uses. 

[0007] Foam products are generally highly flammable when made solely out of 
then- basic components. A variety of materials have been used m the past for imparting 
fire resistance to foams. For example, standard hquid flame retardants such as TRIS (- 
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chloro-2-propyl) phosphate products, commercially available as ANTI-BLAZE 80 ftom 
Albright and Wilson and as PCF fix>m Akzo Nobel have been conventionally used to 
increase the fire resistance of the foaoL Such additives can be used to produce Factory 
Mutual Class 1 rated foam when organic halogenatedhydrocarbons, such as 1,1-dichloro- 
1-fluQiethane (HCFC-141b) are used as the primary blowing agent However, similar 
foams made with non-halogenated hydrocarbons, such as iso-pentane and/or 
cyclopentane, used as the primaiy blowing agent fiul to produce Factoiy Mutual Class 1 
rated foam. 

[0008] The use of e3q[)andable graphite as a fire retardant for polymer foams is 
generally known through the teaching of U.S. Patent No. 3,574,644. It has been shown 
that particle size has an impact on the effectiveness of e^andable gr^hite as a fire 
retardant For example, U.S. Patent 5,169,876 teaches the effective use of e3q)andable 
graphite in a flexible polyurethane foam with a particle size of 300 to 1000 microns, but 
that use of e3q)andable graphite having a particle size of less than 200 microns is 
ineffective. 

[0009] It is desirable to produce foam and foam products having inq>roved fire 
resistance and/or self extinguishing characteristics. Since tiie use of certain halogenated 
hydrocarbons may have detrimental environmental effects, it is also desirable to provide 
foam made with a non-halogenated hydrocarbon as the primary blowing agCT^ 

[0010] SUMMARY 

[001 1] A synthetic polymer foam is produced which incorporates fine particles of 
expandable graphite which surprismgly impart excellent fire resistant properties to the 
foam, particularly to foam made with a non-halogenated hydrocarbon as Ihe primary 
blowing agent For best results, the foam is produced through mixing the constituent 
materials, including the expandable grs^hite using a screw extruder. The foam can also 
be produced by creating a graphite/polyol or graphite/isocyanate dispersion in an extruder 
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then mixing the iCTMining components in a conventional batch mixing or higih pressure 
spraying process. Alternatively, conventional mixing can be used for the entire process, 
but use of a screw extruder in whole or in part is preferred 

[0012] Expandable graphite material havmg an average particle size of less than 
200 microns, such as expandable gr^hite commercially available as GRAFGuard 1 60- 80 
(80 mesh, 177 microns) from UCAR Graph-Tech Inc., wherein sulfuric acid and nitric 
acid are encapsulated wilhin the graphite can be used A neutral grade of expandable 
graphite having a PH of at least 5, preferably 7, with an expansion threshold of 160T, 
suchas GRAFGuard 160-80 N,ispreferred. Expandable graphite with very fine average 
particle size of 100 microns or less, such as GRAFGuard 160-150 N (1 50 mesh), can be 
used with a non-halogenated hydrocarbon blowing agent when employing an extruder to 
makerigidPUR/PIRfoam. Preferably the foamformulationincludesatleastl%loading 
of expandable graphite to produce a fire resistant foam and at least 3% loading to produce 
self extinguishing foam and foam products. When subjected to burning, the expandable 
graphite particles within the foam expand up to one hundred times the original diameter 
creating a gp^hite char that retains an excellent heat resistance in addition to providing 
self extinguishing properties. 

[0013] AppUcants have discovered that use ofaunique combination of expandable 
graphite and caibonblackproduces an exceUent foam product havi^ 
and good insulating qualities, even where non-halogenatedhydrocarbon blowing agents 
are enq)loyed in the manu^ture of the foam. 

[0014] It is an object of tiie present invention to provide foam and foam products 
having improved fire resistance. 

[0015] It is a fijrther object to provide various methods for making such foams 
including the use of an extruder and the use of non-halogenated hydrocarbon blowing 
agents. 
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[0016] It is a fiirther object to employ small particle size expandable gr^hite 
aad/or carbon black in the manufecture of such foam. 
[0017] OtherobjectsandadvantagesofthepiesentinventionwiUbecom 
fbrou]^ a description of the presentiy preferred embodiments. 

[0018] BRIEF DESCRIPTION OF THE DRAWING(S) 

[0019] Figure 1 is a schematic illustration of an ^aratus for extruding polymer 
foam, or dispersions for use in making such foam, in accordance with the teachings ofthe 
present inventiotL 

[0020] Figure 2 is a cross-sectional side view of flie extruder head ofthe extruder 
of Figure 1. 

[0021] Figure 3 is a table reflecting a control example made without expandable 
graphite and with a non-halogenated hydrocarbon blowing agent 
[0022] Figure 4 is a table of three foam exanqples made in accordance with the 
teachings of the present invention. 

[0023] Figure 5 is a table reflecting foam characteristics of the examples set forth 
in Figures 3 and 4. 

[0024] Flfeure 6 is a table reflecting additional exanqples of extrader made 
isocyanurate foam reflecting control Example 5 and Examples 6 and 7 made in 
accordance with the teachings of the present invention. 

[0025] Figure 7 is a table reflecting foam characteristics ofthe examples set forth 

in Figure 6 in compariscm with additional prior art examples. 

[0026] Figure 8 is a table of preferred boardstock formulations. 

[0027] Figure 9 is a table of preferred bunstock formulations. 

[0028] Figure 10 is a table of preferred dispersion formulations. 
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[0029] DETAILED DESCWnON OF THE PREFERRED EMBODIMENT(S) 

[0030] Foams in accordance with the present invention are preferably 
manufecturedusing an extruder, such as the extruder system 102 schematically illustrated 
in Figure 1. The extruder can be used for the entire process or to make a dispersion of 
e3q>andable graphite and/or carbon black ^ch is then used to make foam uang any 
mixing method. Use of the extruder provides the best results, but other conventional 
mixing methods may be used. 

[0031] The extrusion system 102 includes a single or twin screw extruder 104 and 
an associated reservoir system 106. The extruder 104 includes a series ofbarrels C1-C12 
and an extruder head 120. Preferably a twin screw extruder is employed such as 
described in U.S. Patent 5,723,506 assigned to the assignee of the present invention. 
[0032] The reservoir system 106 includes a plurality of reservoirs 150-156 from 
^ch the fi>am components are siq>plied. The reservoirs 150-156 feed the foam 
component materials to the barrels C1-C12 and head 120 of tiie extruder 104 via a 
network of feed lines and valves as illustrated. 

[0033] bimanufecturing foamusingthe extrusion system of Figure 1, e3q)andable 
graphite particles are preferably provided to the extruder 104 at barrel CI from a fill 
station 150. Additional expandable graphite and/or carbon black is preferably provided 
to the extruder 104 at barrel C4 from a fill station 152. Isocyanate solution is preferably 
mixed and fed to barrels C2 andC6 of the exfruder 104 fiomreservoirs 151 and 153. The 
isocyanate solution may be optionallypre-mixedwifli a dispersing agent and/or surfectant 
at reservoirs 151 and 153 andprovidedto the extruder 104 with the isocyanate at barrels 
C2 and C6. 

[0034] Polyol is preferably provided from a reservoir 155 and fed to the extruder 
104 at barrel C9. Suifectant, curing agent and foaming agent is preferably pce-mixed 
with the polyol ccmtained in the reservoir 155 and fed to the extruder 104 at barrel C9. 
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[0035] Foaming and/or blowing agesnts are preferably provided from a reservoir 
154 and fed to the extruder 104 at barrel C8 wiliiout previous mixing wilii other 
components. Additionally, foaming and/orblowing agents maybe mixed with thepolyol 
at reservoir 155 prior to entry to flie extruder 104 at barrel C9. For example, foammg 
agent is provided to extruder 1 04 at barrel C9 after the foaming agent is first mixed with 
a polyol/sur&ctant mixture. 

[0036] Catalyst is preferably introduced into the eKtruder 104 via an extruderhead 
120 from reservoir 156. A cross-sectional side view of tiie extruder head 120 of the 
extrusion system is shown in Figure 2. 

[0037] In making foam, the mixture of the componeait parts of the graphite 
particles, isocyanate, polyol, and additional materials, without the catalyst, arrives via a 
hose 200 (shown in Figure 1) to an entry port 202 in a mixing block 204 of the extruder 
head 120. At mixing block 204, the component mixture travels via a worm gear 206 to 
agitator 208 located in a cavity area 210. Concurrently, catalyst enters at a catalyst port 
214 and travels along a duct 215 to arrive in flie cavity area 210 via a catalyst entry port 
216. The mixture ofthecoinponent parts ofihe expandable grq)hite isocyanate, polyol 
and additional agents and catalyst are mixed together by agitator 208 in the cavity area 
210 and continues out of Ae cavity area 210, preferably onto a conveyor system such as 
tibe conveyor illustrated in U.S. Patent No. 5,723,506. Preferably, the cavity 210 is 2 to 
3 inches wide and the agitalor is rotated at !q[)proximate]y 3500 to 5500 rpm. 
[0038] A preferred metibiod of manufecturing foam using the extrudo: of Figure 1 
includes feeding graphite particles and/or carbon-black from source 150 to the extruder 
104 at barrel CI. A mixture of isocyanate, dispersing agent and surfactant is fed to the 
extruder 104atbarrelC2fromreservoir 151. Additional gr^hite particles and/or carbon- 
blackmay be added from source 152 and fed to the extruder 104 at barrel C4particularly, 
vfben loading of the gnq)hite particles and/or carbon-black is to exceed 12-15%. An 
additional mixture of isocyanate, dispersmg agent and surfactant is tihen added to the 
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extrader 1 04 at barrel C6 fix>m reservoir 153. Blowing agent is provided to the extruder 
1 04 at barrel C8 from reservoir 1 54. Polyol, foaming and blowing agent, surfactant and 
curing agent are fed to the extrader 104 at barrel C9 from reservoir 155, Finally, a 
catalyst or catalyst mixture is provided to the extruder head 120 from reservoir 1 56. 
[0039] A prefrared method of manu&cturing an isocyanate dispersion in 
accordance with llie teachings of the present invention using the extruder of Figure 1 
includes feeding gn^hite particles and/or carbon black from source 150 to flie extruder 
104 at barrel CI. A mixture of isocyanurate and dispersing agent, optionally wilii 
surfectant,isfedtotheextruderl04atbarrelC2fromreservoirl51. Additional gr^hite 
particles and/or carbon black may be added from reservoirs 152 and fed to the extrader 
104atbanelC4. An additional nuxtureofisocyanurate and dispersing agent, optio^ 
with sur&ctant, may then be added to the extrader 1 04 at barrel C6 from reservoir 1 53 . 
No polyol or catalyst materials are added to the extrader and the resultant dispersion exits 
the extrader at the last barrel C12 and is preferably directed into an £q>propnate container, 
bypassing the extrader head 202. 

[0040] A preferred method of manufacturing a polyol dispersion in accordance 
with Hie present invention using the extrader of Figure 1 includes feeding graphite 
particles and/or carbon black from source 150 and/or source 152 to the extrader 104 at 
barrel CI and/or bairel C4, A mixture of polyol and a dispersing agent optionally with 
foaming agent, blowing agent, sur&ctant and/or curing agen^ is fed to the extrader 1 04 
at barrel C9 from reservoir 1 55. The polyol dispersion exits the extrader at barrel C12, 
preferably directly into an appropriate container, bypassing tiie extrader head 202. 
[0041] The production of foams based on isocyanates is known per se and is 
described, for example, in German Offenlegungsscfarifien 1,694,142, 1,694,215 and 
1,720,768, as well as in Kunststoflf-Handbuch [Plastics Handbook], Volume VII, 
Polyurethane, edited by Vieweg and Hochtlen, Carl Hanser Verlag, Munich 1 966, and in 
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the new edition of this tome, edited by G. Oertel, Carl Hanser Vedag, Munich, Vienna, 
1983. 

[0042] These foams are mainly those that comprise urethane and/or isocyanurate 
and/or allophanatB and/or uretdione and/or raea and/or carbodiimide groiips. Prefened 
startmg components inchide aliphatic, cycloaliphalic, acaliphatic, aromatic and 
hetenx^clic polyisocyanates, sucli as tihiose desoibed, for example, by W. Siefken in 
Justus Liebigs Annalen der Chemie, 562, pp. 75-136, for exanq)le, Hiose of the formula 

Q(NCO)„ 

in which n draiotes 2-4, preferably 2-3, and Q denotes an aliphatic hydrocarbon radical 
of 2-18, preferably 6-10 carbon atoms, a cycloaliphatic hydrocarbon radical of 4-15, 
preferably 5-10 carbon atoms, an aromatic hydrocarbon radical of 6-15, preferably 6-13 
carbon atoms or an aralq>hatic hydrocarbon radical of 8- 1 5 , preferably 8-13 carbon atoms, 
for example, such polyisocyanates as described in DE-OS 2,832,253, -pp. 10-1 1. 
[0043] Particularly preferred are usually those polyisocyanates which are 
technically readily accessible, for example, the 2,4- and2,6-toluyleaie diisocyanate as well 
as any mixture of these isomers ("TDI"); polyphenyl5 polymethylenepolyisocyanates, 
such as fliose obtained by an aniline fomialdehyde condensation and subsequent treatment 
with phosgene ("crude MDI"), and polyisocyanates comprising carbodiimide groups, 
urefliane groiq)s, allophanate groiq>s, isocyanurate groiqps, urea groups or bhnet groups 
("modified polyisocyanates"), especially those modified polyisocyanates which are 
derived from 2,4- and/or 2,6-toluylene diisocyanate and from 4,4- and/or 2,4'- 
diphenylmethane diisocyanate. 

[0044] The startmg co]iq>oaent8 may fiirtherbeconqwundsofa molecular weight 
usually of 400 to 10,000, containing at least two hydrogen atoms reactive toward 
isocyanates. These comprise, besides conq>ounds containing amino, thio, or carbo^l 
groups, preferably compounds containing hydroxyl groups, in particular compounds 
containing 2 to 8 hydroxyl gjcoaps, especially those of a molecular weight of 1,000 to 
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6,000, preferably 2,000 to 6,000, for exanq>le polyethers and polyesters as well as 
polycarbonates and polyester amides containing at least 2, usually 2 to 8, preferably 2 to 
6hydroxyl groups; these compounds arcknownperse for the preparation ofhomogenous 
and cellularpolyurethanes and are disclosed, fOT example in DE-OS 2,832,253, pp. 11- 1 8. 
[0045] When appropriate, ccmqpoimds comptising at least two hydrogen atoms 
reactive toward isocyanates and of a molecular weight of 32 to 399 may be used as 
further starting components. Also, in fliis case, compounds containing hydroxyl gnmps 
and/or amino groups and/or thiol groups and/or caiboxyl groups, preferably compounds 
containing hydroxyl groups and/or amino groups, are understood to be those which are 
used as diain lengtheners or crosslinldng agents. These conopounds usually have 2 to 8, 
preferably 2 to 4 hydrogen atoms reactive toward isocyanates. Appropriate exan^les are 
disclosed in DE-OS 2,832,253, pp. 19-20. Other examples of polyisocyanates and 
polyols usefiil in the invention are described in U.S. Patent No. 5,149,722, co-owned by 
the assignee of the present invention and incorporated herein by reference as if fulty set 
forth. 

[0046] Blowing agents which may be used to make foam include water and/or 
readily volatile inorganic or organic substances and other auxiUary volatUe blowmg 
agents typically used to blow PUR/PER. foams. Water, however, used in small quantities 
serves as a foaming agent whoe othsr blowing agents are used. 
[0047] Organic blowing agents include acetone, ethylacetate; halogen-substituted 
alkanes, such as methylene chloride, chloroform, ethyUdene chloride, vinylidene chloride, 
monofluoro trichloromethane, chlorodifluoromethane, dichlorodifluoromethane, 
dicUorodifhioroethane, dichlorotrifluoroelhane; also halogenated and non-halogoiated 
hydrocarbon blowing agents. 

[0048] Specificexanq>lesofnon-lMdogpnalBdhydrocaibonblowingagentsinclude: 
pentane, butane, hexane, heptane, diethyl ether, isopentane, n-pentane and cyclopentane. 



-9- 



wo 01/72863 PCTrtJSOl/09626 



[0049] Specific examples of halogenated hydrocaibon blowing agents include: 
l,l,l,4,4,4-hexafluorobutane(HFC-356); 1,1-dicMoro-l fluoroethane (HFC-141/b); the 
tebafluoroeliianes suchas l,l,l>tetrafluoroethane (HFC-134a); fhepentafluoropropanes 
such as 1,1^,2^ pentafluoropiwpane (HFC-245ca), 1,1^3,3-pentafluoropropane (HFC 
245ea), l,l,lA3-pentafhiatopropane (HFC-245eb), and 1,1,1,3,3 pentafhioiopropane 
(HFC-245fe); the hexafluon^aopanes such as 1,1,2,2,3,3-hexafluoroptopane 
(HFC-236ca), 1,1,1,2,2,3-hexafluoro propane (HFC-236cb), 
1,1,1,2,3,3-hexafluoro-propane (HFC-236ea), 1,1,1,3,3,3-hexafluoropropane 
(HFC-236fe);lhepeatafluorobutanessuchas l,l,l,3,3-pentafluorobutane(HFC-365); and 
difluoioethanes such as 1,1-difluocoethane (HFC-lS2a). 

[0050] Inorganic blowing agents are, for exan^le, air, CO2 or NjO. A blowing 
effect may also be obtained by addiiig compounds which decompose at temperatures 
above room temperature giving off gases, such as azodicaibonamide or 
azoisobutyronitrile. Other examples of blowing agents may be found in 
Kunststoff-Handbuch, Vol. VH, by Vieweg andHochtlen, Carl-Hanser Verlag, Munich, 
1966, on pages 108 and 109, 453 to 455 and 507 to 510. 

[0051] Differenttypes ofblowing agents areusedin combination, butuse of anon- 
halogenated hydrocarbon chemical as the primary blowing agent has generally been 
avmdedduetotheflamiiiabiUtyoffoamswWchconventionaUyresult Useofespandab 
graphite as taught by the present invention permits the use of a non-halogmated primary 
blowing agent in the production of foam which is rated as Factory Mutual Class 1 when 
tested using test method ASTM £84. 

[0052] When {Appropriate, other auxiliary agents and additives may be used at the 
same time, such as: 

- water and/or other highly volatile organic substances as propellants, i.e. foanung 
agents; 
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- additional catalysts of the type known per se in amounts up to 10% by weight of 
the polyol component; 

- surfece-active additives, such as emulsifiers and foam stabilizers, and 

- reaction retardants, for example acidic substances such as hydrochloric acid or 
organic add halides, also cell regulators of the type known per se, such as paraffins or 
fetty alcohols or dimefliylpolysiloxanes, as well as, pigments or dyes and other flame 
retaidants of the type known per se, for example tricresyl phosphate, also stabilizers 
against the effect of aging and weathoring, plastidzers and fimgistats and bacteriostats 
as well as fillers such as barium sulphate, kieselguhr, carbon black, expanded or 
expandable microspheres or whiting. 

[0053] Other examples of sur&ce active additives, foam stabilizers, cell regulators, 
reaction retardants, stabilizers, flame retardants, plasticizers, dyes, fillers, fimgistats, 
bacteriostats to be used at fee same time if qypropriate, as well as details concerning the 
use and action of these additives are described in KunststofF-Handbuch [Plastics 
Handbook], Volume VH, edited by Vieweg and Hochtien, Carl Hanser Verlag, Munich 
1966, for exanq)le on pages 103-1 13. 

[0054] Figures 3-5 reflect various foams, Exanq)les 1-4, made in accordance with 
the extrusion method recited above. A non-halogenated hydrocaibon blowing agent, 
pentane, was tibe blowing agent used in all Examples 1-4. 

[0055] Exanq>le 1 reflectsacontrolexamplewithnoexpandablegraphiteniaterial. 
By comparison, the other exanq}les were made with differing amounts of expandable 
graphite having an average particle size of less than 200 microns. Bum tests were 
performed with the control foam. Example 1, and Kq>andable gr^hite foams. Examples 
2-4. Thickness and weight loss exanq>les were measured. 

[0056] Visually, polyiso<^anurale fiwm made with the non-halogenated blowing 
agent and a 5% loading or higher of expandable graphite, Exanq)les 2-4, produced no 
noticeableblack smoke as withpolyisocyanuratemadewiththenon-halogenatedblowmg 
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agent and a standard liquid flame retaidant, Example 1 . There was no significant density 
increase using expandable graphite in the range of 5%-12%. There was also considerably 
less flame spread noticed during the bum with 5% or more of graphite particles. 
[0057] Based on the test results, it was determined that jfire retardant foams can be 
produced by providing 1% to 50% by weight evenly dispersed expandable graphite 
particles which have an average particle size of less than 200 microns. Moreover, the use 
of such expandable graphite in a preferred range of 3% - 20% by weight can produce a 
class 1 ratedfoamper Factory Mutual StandaidF.M. 4450 andUnderwritersLab(»:atories 
Standard XJL1256 when tested using test method ASTM E84. 

[0058] Tables 6-7 reflect an additional comparative analysis. Examples 5-7, of a 
control versus two example foams made in accordance with the teachings of the present 
invention. Control Example 5 contained no expandable graphite. Example 6 contained 
expandable graphite and Example 7 contained a combination of expandable grq)hite and 
caibonblack. In aU cases, theprimary blowing agent was anon-halogenatedhydrocai^^ 
chemical. Less than 1% of a halogenated hydrocarbon co-blowing agent and less than 
1% water serving as a foaming agent were used in Examples 6 and 7. 
[0059] As reflected in Table 7, the foam made in accordance with Example 7 had 
the best K &ctor and was otherwise comparable to prior art commercial foam. Foam n, 
inadewithahalogeiiatedhydrocarbonblowiagagent Thefoammadeinaccordancewilh 
Example 6 had a K &ctor bett^Hian the prior art conrpetitive foam. Foam I, made with 
a non-halogenated primary blowing agent, but not quite as good as the prior art foam. 
Foam n, made with a non-halogenated primary blowing agent. However, unlike the prior 
art foam made with a non-halogenated primary blowing agent. Foam I, the Example 6 
foam passed Factory Mutual Standard F.M. 4450 and Underwriter's Laboratory Standard 
UL1256 for a Class 1 rating when tested in accordance with Test Method ASTM E84. 
[0060] Based on the results of Examples 2, 3, 4 and 6, it is believed that tiie 
Example 7 foam will also be accorded a Factory Mutual Class 1 rating when 
independently tested in accordance with Test Method ASTM E84. 
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[0061] In accordance with the experimentation and testing perfonned by the 
present inventors, preferred formulations fiir iJie mannfiictaier of PUR/PBR. boaidstock 
and bunstock are set forth in Figures 8 and 9, respectively. While prefered types and/or 
sources of the comtponent matoials are identified, these are non-limiting examples. 
Various other additive materials as discussed above, preferably not exceeding 100 parts 
by weight, may be addedto the formulations setforthinFigures 8 and9. These PIR/PUR 
foam formulations are primarily characterized in the use of at least 3% expandable 
gr^hite preferably having an average particle size less than 200 microns, tiie use of a 
non-halogenated hydrocarbon chemical or blend as the primary blowmg agent, and the 
use of less than 1% of a halogeaiated blowing agent The use of at least 4.5% e:q)andable 
gi^hite and 3.5% carbon black can produce a class 1 rated foam per Factory Mutual 
StandatdFM. 4450 andUnderwriters Laboratories Standard UL1256whentestedusing 

test melliod ASTM E84. 

[0062] Prafi5K*fy,tiiecoii5)Oiients are combined by the use ofanextiiider as set 
forth above. Mternatively, the components canbetnixedutilizmgothermefhods. "Where 
conventional mixing is employed, it is preferred to create either a polyol or isocyanate 
dispersion with the expandable graphite and optionally carbon black which is then used 
to make foam in accordance with the formulations set forth in Figures 8 and 9. 
[0063] Figure 10 sets fortii preferred dispersion formulations in this regard. 

DispersioDS so made can be stored and/or shqipedto other locations witii minimal effect 
on the uniformity of Ae distribution oftiie expandable gr^Mte particles in flie dispersion. 
This permits a single extruder to supply many batch processing fiicilities to make foam 
in accordance with one of the preferred methods taught by the present invention. 

* ♦ * 
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CLAIMS 

What is claimed is: 

1 . A rigid polyurethane and/or polyisocyanurate foam having fire resistance 
conqnrising: 

&om 1 - 50 % by wdgiht of evenly dispersed expandable graphite 
an average particle size less than 200 nucrons and fix)m 99 to 50 % by wdght of a cl^^ 

cell polyurethane foam. 

2. A rigid polyurethane or polyisocyanurate foam according to claim 1 
wherein the expandable graphite particles comprise 3 to 20% by weight of the foam and 
have a PH greater than 5. 

3. The foam of claim 2 which passes the burning test of Factory Mutual 
Standard RM. 4450 and Underwriters Laboratories standard UL 1256 for class 1 ratings 
when tested in accordance with test method ASTM E84. 

4. Arigidpolyurethane orpolyisocyanurate foam accordingto claim 1 having 
at least 4.5 %by weight e3q>andable graphite particles and atleast3.5 % by weight carbon 

. black. 

5. The foam of claim 4 which passes the burning test of Factory Mutual 
Standard F.M. 4450 and Underwriters Laboratories standard UL 1256 for class 1 ratings 
when tested in accordance with test method ASTM E84. 

6. The foam according to claim 2 wherein the expandable graphite particles 
are GRAFguard 160-80-N expandable graphite. 
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7. A polyurethane and/or polyisocyiinurate foam having fire resistance made 
using at least 3 % by weight expandable grq)hite and a non-halogenated hydrocarbon 
chemical or a non-halogenated hydrocarbon chemical blend as a primary blowing agent 

8. The foam according to claim 7 wherein the expandable graphite particles 
are GRAFguard 160-80-N expandable graphite. 

9. The foam according to claim 7 wherein the primary blowing agent is 
selected from the group consisting of pentane, butane, hexane, heptane, diethyl ether, 
isopentane, n-pentane and cyclopentane or blends of chemicals from said group. 

10. A rigid polyurethane and/or polyisocyanurate foam made according to 
claim 7 by mixing: 

10.57 to 41.14 PBW expandable gr2?>hite particles having an average particle size 
less than 200 microns; 

191 to 400 PBW isocyanate; 
75tol25PBWpolyol; 

16 to 36 PBW of a non-halogenated hydrocarbon chemical or a non-halogenated 
hydrocarbon chemical blend as a primary blowing agent; 
0 to 20.57 PBW of carbon blacky and 

19 to 165 PBW other ingredients with less than 1% by weight of halogenated 
blowing agents. 

1 1 . The foam of claim 10 which passes the burning test of Factory Mutual 
Standard F.M. 4450 and Underwriters Laboratories standard UL 1256 for class 1 ratings 
when tested in accordance with test method ASTM E84. 
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12. A rigid polyuretihane and/or polyisocyanurate foam made according to 
claim 7 by mixing: 

14 to 40 PBW expandable graphite particles having an average particle size less 
than 200 microns; 

192 to 500 PBW isocyanate; 
75tol25PBWpolyol; 

5 to 46 PBW of a non-halogenated hydrocarbon chemical or a non-halogenated 
hydrocarbon chemical blend as a prnnary blowing agent; 
0 to 20 PBW of carbon black; and 

20 to 155 PBW other ingredients with less than 1% by weight of halogenated 
blowing agents. 

13. The foam of claim 12 which passes the burning test of Factory Mutual 
Standard F.M. 4450 and Underwriters Laboratories standard UL 1256 for class 1 ratings 
when tested in accordance with test method ASTM E84. 

14. A methcAl for facilitating the manufacture of fire resistant polyurethane 
and/or polyisocyanurate foam comprising: 

introducing 10.57 to 41 .14 PBW expandable grq)hite particles having an average 

particle size less than 200 microns to die screw of an extruder, 

introducmg at least 2 PBW of a dispersing agent to Ihe screw of the extrader, and 
using the screw of the extruder to mix the expandable graphite particles and 

dispersant with either 191 to 500 PBW of a isocyanate or 75 to 125 PBW of a polyol. 

15. The method of claim 14 wherein 95 to 105 PBW of polyol are introduced 
to the screw of the extruder, 14 to 32 PBW of the ejqpandable gr^hite particles are 
introduced to the screw of the extruder, 0 to 16 PBW of carbon black is introduced to the 
screw of the extruder, 3 to 4 PBW of the dispersing agent is introduced to the screw of 
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the extrader, and 0 to 50 PBW of other non-reactive ingredients are introduced to the 
screw of the extruder to produce a polyol dispersion. 

16. The method according to claim 14wherein231 to 251 PBW of isocyanate 
is introduced to the screw of fte extruder, 14 to 32 PBW of the expandable graphite 
particles are introduced to &e screw of the extruder, 0 to 16 PBW of carbon black is 
mtroduced to the screw of the extruder, and 3 to 4 PBW of the dispersmg agent is 
introduced to the screw of the extruder extruder; and 0 to 100 PBW of other non-reactive 
ingredients are introduced to the screw of the extruder to produce an isocyanate 
dispersion. 

17. The method according to claim 14 wherein: 

10.57 to 41.14 PBW of expandable gr25>hite particles having an average particle 
size less tiian 200 microns are introduced to the screw of the extruder; 

191 to 400 PBW of isocyanate is introduced to the screw of the extruder, 
75 to 125 PBW of polyol is introduced to the screw of the extruder, 

16 to 36 PBW of a non-halogenated hydrocarbon chemical or a non-halogenated 
hydrocarbon chemical blend as a primary blowing agent is introduced to the screw of the 
extruder, 

0 to 20.57 PBW of carbon black are mtroduced to the sacew of the extruder; and 
19 to 165 PBW other ingredients with less than 1 PBW of halogenated blowing 

agents are introduced to the screw or an extrusion head of the extruder to produce rigid 

foamboardstock. 

18. The method according to claim 14 wherein: 

14 to 40 PBW of expandable graphite particles having an average particle size less 
than 200 microns are introduced to the screw of the extruder; 

192 to 500 PBW isocyanate to is introduced to the screw of the extruder; 
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75 to 125 PBWpolyol is introduced to the screw of the extruder, 

5 to 46 PB W of a non-halogenated hydrocarbon chemical or a non-halogenated 

hydrocarbon chemical blend as a primary blowing agent is introduced to the screw of flie 

extrudei; 

0 to 20 PBW of carbon black is introduced to the screw of the extruder; and 
20 to 155 PBW other ingredients with less than 1% by weight of a halogenated 
blowing ^ent are introduced to the screw or an extrusion head offlhe extruder to produce 

rigid foam bunstock. 
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3^ 



CHEMICAL 
(Extruder Location) 




Example 1 


PBW 


% 


LBS. 


Jjsocyaastc (C2/C6) 


Bayer 


211.05 


58.584 


50.89 


Polyol (C9) 


Stq>an 


100 


27.759 


24.11 


Expandable Giq>bite 


N/A 


0 


0.000 


0.00 


FireRetardant (C9) 


AntiblazeSO 


10 


2.776 


2,41 


Blowing Agent (C8) 


Pentane 


10.0 


2.776 


2.41 


Blowing Agent (C9) 


Pentane 


20.0 


5.552 


4.82 


Sui£ictaiit (C2/C6) 


Goldsnddtfa 


1.0 


0.278 


0.24 


Sin&ctant (C7) 


GoldsDudtfa 


2 


0.555 


0.48 


Water (C9) 




1 


0.278 


02A 


KOctoate (120) 


HEX-CEM 


4.00 


1.110 


0.96 


Amine (120) 


PolycatlS 


0.08 


0.022 


0.02 


Acetate (120) 


Polycat 46 


1.12 


0.311 


0.27 


Totals 


360.2 


100 


86.9 



Fig. 3 
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LBS. 


45.48 


22.23 


10.45 


0.00 


2.22 


4.45 


0.22 


0.44 


0.22 


0.89 


0.02 


0.25 


86.87 
































l^xample ' 




52.356 


25.588 


12.026 


0.000 


2.559 


5.118 


0.265 ! 


0.512 


0.256 


1.024 


0.020 


0.287 


o 
o 
1-1 




1 


204.61 


o 
o 

I— t 




o. 


10.0 


20.0 


o 


cs 


1— t 


4.00 


0.08 


1.12 


1 390.8 




LBS. 


47.55 


23.24 


6.97 


0.00 


2.32 


4.65 


0.23 1 


0.46 


0.25 


0.93 


0.02 


0.26 


86.88 


Example : 




54.737 


26.751 


8.025 


0000 


2.675 


5.350 


0.268 


0.535 


0.268 


1 1.070 


0.021 


0.300 


o 
o 




PBW 


204.61 


O 

o 


o 

CO 


o 


10.0 


20.0 


o 




1— • 


4.00 


0.08 


1.12 


373.8 


€S 


LBS. 


49.12 


2401 


4.32 


0.00 


2.40 


4.80 


0.24 


0.48 


0.24 


0.96 


0.02 


0.27 


86.86 


ilxample : 




56.552 


27.639 


4.975 


0.000 


2.764 


5.528 


0.276 


0.535 


0.276 


1.106 


0.022 


0.310 


o 
o 




1 


204.61 


o 
o 


00 

1-1 


o 


10.0 


20.0 


p 




»— 1 


4.00 


.0.08 


1.12 


361.81 




PRODUCT 


Bayer 


stepan 


GG 160-80-N 


N/A 


Pentane 


Pentane 


Goldsmidth 


Goldsmidth 




HEX-CEM 


Polycat 18 


Polycat 46 




CHEMICAL 
fExtruder Location) 


Isocyanate (C2/C6) 


Polyol (C9) 


Bxp. Graphite (C1/C4) 


Fire Retardant 


Blowing Agent (C8) 


Blowing Agent (C9) 


Surfactant (C2/C6) 


Surfactant (C7) 


Water (C9) 


K Octoate (120) 


Amine (120) 


Acetate (120) 


Total! 
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FOAM CHARACTEMSUCS 




Example 
1 


Example 
2 


Example 
3 


Example 
4 


Density (Ibs./cu.fL) 


1.89 


1.90 


1.93 


1.95 


Burn Test Results 




Type of Smoke 


Thick 
Black 


Light 
Opaque 


Light 
Opaque 


Light 
Opaque 


Self-Extingaisbjsg 


No 


Yes 


Yes 


Yes 


Protective Char Formed 


No 


Yes 


Yes 


Yes 



Fig. 5 



PREFERRED DISPERSION FORMULATIGNS 




Polyol Dispersion 


ISO Dispersion 


Component 


PBW 


Range 


PBW 


Range 


Isocyanate (MRP, Bayer) 


0 


241 


±10 


Polyester Polyol (Stqxan 2352) 


100.00 


±5 


0 


Exp. Graphite (160-80-N, Graph-Tech Inc) 


15.00 


±1.0 


15.00 


±1.0 


Bq). Grq>faite (160-80-N, Graph-Tedi Inc) 
orCarbouBIack ' 


15.00 


±1.0 


15.00 


±1.0 


Dispersing Agent (Pekon 344, ellioj^lated 
phoiol) 


3.50 


±0.5 


3.50 


±0.5 


Other Non-reactive Ingredients 


0 


+50 


0 


+100 



Fig. 10 
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Extruder Made Isocyanurate Foam 


Formnlatioii Examples 


Ex.5 


Ex.6 


Ex.7 


r!nmDoneiit 

^ II* V 1 1 1 i f p ■»-»■■ 


PBW 


PBW 


PBW 


T<:nrvanate fMRP Bavert 


219.00 


241.00 


231.00 


Polvester Polvol ^Steoan 2352) 


100.00 


100.00 


100.00 


Bmandable Graohite fGG160-80-RGraph-Tech Lac) 


0.00 


31.20 


20.00 


rarhoTi Black TCabot Lid.) 


0.00 


0.00 


15.00 


Phospliate (Antiblaze 80, Albri^ & Wilson) 


10.00 


15.00 


7.50 


Brommate-Ester (Pelron, Ele Corp.) 


10.00 


7.50 


7.50 


50/50 Blend Iso-Pentane/Cydopcntane (Exxon) 


26.00 


26.00 


28.00 


134-a3FC(Dupont) 


0.00 


3.50 


2.00 


Sm&ctant (Goldsmidfli 8457,8469) 


1.40 


2.00 


2.50 


Dispersing Agent ( Pelron 344, Ele Cotp.) 


0.00 


2.90 


2.50 


WATER 


0.00 


0.75 


0.50 


Pottasinm Octoate (HesxCem 977 M oonejr Chonicals) 


5.00 


6.00 


6.00 


P-5,Amine (Polycat 5, Air Products) 


0.15 


0.12 


0.12 


Pottasimn Achate (Pelron lac) 


1.45 


1.60 


1.60 



Fife. 6 
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FOAM CHARACTEWSTICS 




Example 
5 


Example 
6 


Example 
7 


Prior Art* 
Foam I 


Prior Art** 
Foamll 


K-Factor (initial) 


0.163 


0,163 


0.154 






(10 day) 




0.178 


0.156 






(30 day) 


0.18 


0.178 


0.157 


0.18 


0.17 


aosedC6ll% 


92.4 


90.5 


88.9 


89.5 


94 


Friability % Wt Loss 


2.5 


8.9 


37.8 




6.5 


Core Density (Ibsycu. ft) 


1.89 


1.85 


1.92 


1.75 


1.73 


Cold Box % Change 
(7 day) 


0.34 


No 

Change 


0.33 




0.33 


Humid. Aging % Change 

MD 

C7day) 


0.85 


022 


No 
Change 




0.55 


Humid. Aging % Change 

XMD 

(7 day) 


0.9 


025 


No 
Change 




0.45 


Compressive Strength 
(psi) 


20.6 


24.6 


21.6 


24.2 


20.1 


Factory Mutual Class 1 


No 


Yes 


Pending 


No 


Yes 



* Made with Iso-Pentane/Cyclopeatane Blend as Primaiy Blowing Agent 
** Made with 0HCFC-141b) as Primaiy Blowing Agent 



Fig. 7 
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PREFERRED BOARDSTOCK FORMULATIONS 


Component 


PBW 


Min 


Max 


Pounds 


Isocyanate (MRP, Bayer) 


241.33 


191 


400 


551.16 


Polyester Polyol (Stepan 2352) 


100.00 


75 


125 


228.38 


Expandable Gn^hite Particles <200fi 
ave. size (Gtaph-Techlnc) 


15.57 


10.57 


20.57 


35.56 


E>q)andable Gx^hite Particles <200ii 
ave-size (Gnqph-Techlnc) or 
Caibon Black 


15.57 


10.57 


20.57 


35.56 


Phospate/Phosphate Blends 
(Antiblaze 80, Albngnt & WUson) 




in 




34.26 


Bromniated-Est^ (Felron) 




A 


in 


17 13 


Additional Fire Retardants 




' in 




5139 


xxoiOgeiiaicu. ii.y uTiivcituuii 
(134-aJHFC,DuPont) 


3.50 




4.5 


7.99 


Non-Halogenated Hydrocarbon 
(Pentane, Iso-Oyclopoatane Blends, 


26.00 


16 


36 


59.38 


^urfsikcimt (Rd6Q Goldsmidth^ 


2.00 


1 


4 


4.57 


IMspersu^ Agent (Pelion 344) 


2.90 


0 


4.4 


6.62 


Foaming Agent (WATER) 


0.75 


0 


1.5 


1.71 


PottasinmOctoate 


6.00 


3 


9 


13.70. 


P-5,Anime (Polycat 5, Air Products) 


0.12 


0.07 


0.17 


13.70 


Pottasium Acetate 


1.62 


0.87 


2.37 


3.70 


Catalysts 


7.74 


3.94 


11.54 


31.1 


Other Ingredients 


0 


0 


100 








Total LBS 


1000.00 



Fig. 8 
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PREFERRED BUNSTOCK FORMULATIONS 


Component 


PBW 


Min 


Max 


Pounds 


Isocyanate (MRP, Bayer) 


242.17 


192 


500 


554.26 


Polyester Polyol 

^sa 2031 or Stepan 3152) 


100.00 


75 


125 


228.87 


Expandable Graphite Particles <200(i 
ave.size (Gta?>h-Techlnc) 


15.57 


14 


20 


35.64 


Expandable Graphite Particles <200n 
ave. size (Graph-Tech Lac) or 
Caibon Black 


15.57 


14 


20 


35.64 


Phosphate / Polymeric Phosphate, amine 
blends (Antiblaze 80, Albright&Wilson) 


15.00 


10 


25 


34J3 


Brominated-Ester (Pehx>n) 


7.50 


Q 


IQ 


17.17 


Additional Fire Retardants 


22^ 


10 


35 


51.5 


naiogeuaievi iiyuiuoaruuii 
(134-aJEIFC, DuPont) 


3.50 




4.5 


8.01 


Non-Halogenated Hydrocarbon 
(Iso-Pentane, Exxon) 


26.00 


5.0 


46 


. 59.51 


Sur&ctant (84PI, Goldsmidlh) 


2.50 


1.5 


4.5 


5.72 


Disposing Agent (Pebon 344) 


2.90 


0 


4.4 


6.64 


Crosslinker (Bpaxy Resin, Epon ^8) 


3.79 


2.0 


4.5 


8.67 


Tiymer Catalyst (TMR-3, Air Products) 
Quartemaiy ammonium salt 


133 


1.0 


2.5 


3.04 


DMEA^Amine 


0.55 


.25 


1.0 


1.25 


DEG,Glycol 


0.55 


25 


LQ 


1.25 


Catalysts 


2.43 


IS 


4.5 


5.54 


Other Ingredients 


0 


0 


100 


0 






Total LBS 


1000.00 



Fig. 9 
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